Specific PCR primers were designed based on the 16S rRNA genes of recently proposed beer-spoilage species, Pectinatus haikarae, Megasphaera sueciensis, and M. paucivorans, and two sets of our previously reported multiplex PCR methods for Pectinatus spp. and beerspoilage cocci were reconstructed. Each modified multiplex PCR method was found specifically to detect beerspoilage species of Pectinatus and cocci, including new species.
Beer is a microbiologically stable beverage due to the presence of antibacterial alcohol and hop compounds, as well as low pH and the depletion of dissolved oxygen and nutrients. 1) Thus, only a limited number of bacterial species, principally belonging to the genera Lactobacillus, Pediococcus, Pectinatus and Megasphaera, are known to spoil beer. As described in our previous report, we divided these beer-spoilers into three groups, Lactobacillus (Gram-positive rods), Pectinatus (Gramnegative rods), and Pediococcus and Megasphaera (Gram-positive and Gram-negative cocci) on the basis of morphological and Gram-staining features, and constructed three sets of multiplex PCR methods to detect beer-spoilage species in each group.
2) These multiplex PCR methods were designated L. multiplex (Lactobacillus), P. multiplex (Pectinatus), and C. multiplex (cocci) respectively.
2) However, four new beerspoilage species, Lactobacillus backi, Pectinatus haikarae, Megasphaera sueciensis, and M. paucivorans, have recently been proposed. 3, 4) Hence, we investigated the applicability of our multiplex PCR methods to determine whether these new species can be detected by them. In the event, among these new species, only L. backi was detected by the L. multiplex method. L. backi is described as a species closely related to Lactobacillus coryniformis, and, was found to have DNA sequences corresponding to the L. multiplex primers specific to L. coryniformis. On the other hand, P. haikarae, M. sueciensis, and M. paucivorans were not detected by P. multiplex and C. multiplex respectively. Hence, in the present study, we attempted to improve the previously described multiplex PCR methods, P. multiplex and C. multiplex, in order to include the new beer-spoilage species, P. haikarae, M. sueciensis, and M. paucivorans.
PCR primers to detect the new beer-spoilers were designed based on the nucleotide sequences of the 16S rRNA genes, which were registered under accession nos., DQ223729, DQ223730, and DQ223731 (Table 1) . 4) For P. haikarae, a species-specific primer pair was designed. In the cases of M. sueciensis and M. paucivorans, a primer pair simultaneously detecting both species was designed, in view of the more than 99% similarity in the 16S rRNA gene sequences between these two species. 4) In addition, the common primer pair had the advantage of reducing the number of primers in the multiplex PCR methods. The primer pair for P. haikarae and the common primer pair for M. sueciensis and M. paucivorans were added to the existing primer mix of the corresponding multiplex PCR, P. multiplex and C. multiplex respectively. In Table 1 , the primer sequences and predicted sizes of each PCR product are listed.
Specificity, the reactivity and sensitivity of the each modified primer mix were evaluated by conducting multiplex PCR. For the template of multiplex PCR, two different DNA extraction methods were adopted. In evaluating specificity, DNA was extracted from a pure culture of each test-strain with a MagExtractor DNA extraction Kit (Toyobo, Osaka, Japan), as described by Takeuchi et al. 5) This DNA extraction method was applied to obtain a more purified DNA solution, and to provide more rigorous tests to evaluate specificity against non-spoilage species. On the other hand, to determine reactivity and sensitivity, a DNA solution was obtained from serial 10-fold dilutions of a single colony grown on agar media, using the Prepman Ultra Sample Preparation reagent (Applied Biosystems, Foster City, CA). The DNA extraction was conducted according to the manufacturer's instructions, followed by 5-fold y To whom correspondence should be addressed. Fax: +81-297-46-1514; E-mail: kazumaru.iijima@asahibeer.co.jp dilution with sterile distilled water. This extraction method was adopted in actual applications due to its simplicity and rapid results. PCR was set up in a 50 ml reaction volume, containing 25 ml of PerfectShot Ex Taq (TakaraBio, Shiga, Japan), 0.8 mM of each primer (Table 1) , and 5 ml of DNA solution.
PCR was performed using the GeneAmp PCR system 9700 (Applied Biosystems). The amplification profile was 94 C for 2.5 min, followed by 30 cycles consisting of 15 s at 94 C, 15 s at 55 C and 30 s at 72 C. The last extension step was 3 min. Five ml of the reaction mixture was analyzed by agarose gel (2%) electrophoresis, and the amplified PCR products were visualized with SYBR Green I Nucleic Acid Gel Stain (Invitrogen, Carlsbad, CA). The 100 bp DNA ladder (TakaraBio) was used for the molecular size marker.
The specificity of the modified primer mix of P. multiplex was determined, using six closely related species of Pectinatus and 14 frequent brewery isolates, in addition to the three target species. It was found that only the target species could be detected without false positive results for the non-target species (Table 2) . Reactivity was investigated using 54 strains of the target species of Pectinatus, and it was verified that all of the tested strains could be detected (data not shown). These results indicate that the modified primer mix of P. multiplex has high specificity and reactivity. Subsequently, sensitivity was examined by comparing the detection limit of the simplex primer pair of each target species with that of the modified multiplex primer mix. Because the detection limits of the modified multiplex primer mix were identical to those of the simplex primer pairs, the sensitivity of the modified P. multiplex method was considered to be suitable for practical application. Furthermore, more than 10 2 -fold diluted DNA solution of each species was fully detected by means of the modified primer mix. As an example, the results for P. haikarae are shown in Fig. 1 .
In this case, up to 10 5 -fold diluted DNA solution was detected with the modified primer mix. Hence, the modified primer mix of P. multiplex had satisfactory specificity, reactivity, and sensitivity.
Similarly, the modified primer mix of C. multiplex was evaluated. The specificity of the modified primer mix of C. multiplex was investigated against 14 closely related species of Megasphaera and Pediococcus and 14 frequent brewery isolates, as well as six target species. It was found that all of the target species could be detected, and that no false positive results occurred in the non-target species (Table 2) . Reactivity was investigated using 26 strains of beer-spoilage Pediococcus and Megasphaera species, and all of the strains investigated were detectable (data not shown). These results indicate that the modified primer mix of C. multiplex had enough specificity and reactivity. Then sensitivity was investigated in a manner identical with P. multiplex. Because the detection limits of the modified multiplex primer mix were found to be comparable with those of the simplex primer pairs, the sensitivity of the modified C. multiplex method was considered to be suitable for practical application. Furthermore, a more than 10 2 -fold diluted DNA solution of each species was sufficiently detected by the modified primer mix. Taken collectively, the modified primer mix of C. multiplex showed practical specificity, reactivity and sensitivity.
In this study, we improved on the previously reported multiplex PCR methods, P. multiplex and C. multiplex, by developing specific primers to detect newly assigned beer-spoilage species, P. haikarae, M. sueciensis, and M. paucivorans. These specific primers were found to work well in a modified multiplex primer mix. Consequently, one can cover three species of beer-spoilage Pectinatus by the advanced P. multiplex PCR method, and six species of beer-spoilage Pediococcus and Megasphaera by it. Hence, these advanced multiplex PCR method should contribute to microbiological quality control of breweries as a simple and accurate method, leading to a reduction in the risk of microbiological incidence and providing high-quality beer products for consumers. A series of 10-fold dilutions of DNA extracted from a small colony of P. haikarae DSM 16980
T grown on thioglycolate medium (Nissui Pharmaceuticals, Tokyo) were tested for detection limits, using 1 mM universal primers (lanes 1-7), 1 mM simplex primers specific to P. haikarae (Table 1, lanes 8-14) , and the P. multiplex primer mix developed in this study (lanes 15-21). Lanes 1-6, 8-13, and 15-20 represent DNA extracts containing 1-to 10 5 -fold dilutions of P. haikarae DSM 16980
T in decimally decreasing order. Lanes 7, 14, and 21 represent sterile distilled water (negative control), and lane M is a 100 bp DNA ladder. A universal primer pair (1114-f6, 5
0 -CAACGAGCGCAA-3 0 ; 1392r-6, 5 0 -CGGGCGGTGT-GT-3 0 ), designed in the conserved sequences of the 16S rRNA gene, was used to confirme DNA extraction. 
